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the work presented is my own, and has not been submitted for a higher degree at any
other university or institution.
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ification. The formulation and numerical implementation of the Bloch mode method
described in this chapter is largely the work of Professor Lindsay Botten and colleagues
at the University of Technology, Sydney, and the University of Sydney. However, the
numerical examples presented throughout this thesis are my own work and form some
of the first research results obtained with the method. My research has thus provided
valuable feedback regarding the application of the Bloch mode method to studying
photonic crystal devices and this has led to a number of improvements and modifica-
tions. The discussions in Sections 2.4 and 2.5 regarding application issues are based on
my own experiences of using the method, and hence are my main contribution to this
chapter.
The remainder of the research presented in Chapters 3–6 is my own work, which has
been guided by advice and suggestions from my supervisors, Professors Ross McPhe-
dran, Martijn de Sterke and Lindsay Botten.
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Introduction
Since the achievement of low loss optical fibres in the 1970s, optics has had a dramatic
impact on the way the world communicates. Today, more than ever, we depend on the
ability to transmit and receive large amounts of information within seconds to and from
almost anywhere in the world, and demand for higher transmission rates and cheaper
systems continues to increase. While existing optical networks still rely extensively
on electronic signal processing, this is becoming increasingly difficult as data rates
approach the processing limit of high-speed electronic components. Therefore, the next
generation of networks will require all-optical devices for switching, regeneration and
monitoring of optical signals. Many of these functions have already been demonstrated
experimentally, and basic all-optical components are already being incorporated into
existing networks.
All-optical processing has many additional advantages when compared to electronic
processing, not the least being a reduction in operation costs due to reduced power and
space requirements, and in some cases the possibility of processing multiple wavelength
channels simultaneously without the need for demultiplexing. It has also been suggested
that the new systems will be easier to adapt and reconfigure according to demand or
network changes.
Before these advantages can be realised, however, all-optical devices will have to be
proven superior to the existing technology. Three key features that must be demon-
strated are:
• reliability,
• low fabrication costs,
• compatibility with existing systems.
An obvious way to achieve all three of these features is integration. The concept of
a “photonic integrated circuit” is analogous to the semiconductor integrated circuit;
many optical components integrated into a single functional device that can be inserted
into an optical system to perform a specific processing task or tasks. While this may
be the ultimate goal, many intermediate steps are required before it is reached.
Of the many different technologies being proposed as a basis for photonic inte-
grated circuits, photonic crystals are one of the most promising. Photonic crystals are
periodically structured optical materials that provide unprecedented control over the
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propagation of light down to wavelength scales. In addition, they exhibit many unique
properties, ranging from unusual dispersion characteristics to photonic bandgaps – fre-
quency ranges for which light is unable to propagate. Much of the research into photonic
crystals has been directed at understanding the properties of these bandgaps and the
effects that occur when a defect state is introduced. While interest in photonic crystals
extends to many areas outside optical communications such as quantum electrodynam-
ics, spectroscopy and quantum computing, to name just a few, the focus of this thesis
is the understanding and design of components for photonic integrated circuits.
The rapidly developing field of photonic crystal research is entering a new and ex-
citing third phase in which we are likely to see the first demonstrations of functional
integrated photonic circuits. In the first phase, the potential of photonic crystals was
recognised through theoretical observations and predictions, which led to the devel-
opment of theoretical and experimental techniques for dealing with this new type of
structure. The second phase saw the maturing of the field as many of the predicted
properties of photonic crystals were demonstrated experimentally, and at the same
time, improvement in theoretical and numerical methods provided further insight into
the properties, leading to new device concepts and designs. As this phase has pro-
gressed to the present day, more and more of the essential building blocks for photonic
crystal circuits have been demonstrated, including waveguides, resonant cavities and
lasers, to the point where these components are competing with, and in some cases
outperforming, more mature technologies. Fabrication techniques have been refined to
the stage where they can reliably reproduce theoretical results and designs, even down
to relatively fine details, while at the same time, modelling methods are capable of
simulating realistic three-dimensional structures on a large scale. This is the situation
of the field today as it enters the third phase.
The research undertaken for this thesis spans the transition period between the
second and third phases. During this time, the field has continued to expand at an
almost exponential rate, as it has done for almost twenty years. In the first eight
months of 2005, more than 1100 journal papers have been published with the phrase
“photonic crystal(s)” in the topic list,∗ with more than 350 of those appearing in the
time it has taken to write this thesis. Keeping abreast of the developments in such a
rapidly advancing research field is a challenge, and no single review of the subject can
do it justice. Notwithstanding this, in Chapter 1 we attempt to provide an overview
of photonic crystals as they relate to optical communications and more specifically the
ultimate aim of producing a photonic integrated circuit.
In later chapters we make three significant contributions to the field as it enters
the third phase. The first contribution is the theoretical demonstration and analysis
of a new class of photonic crystal device based on the combination of mode coupling
and Fabry-Pe´rot resonance effects. These structures exhibit characteristics that make
them promising candidates as compact, integrated photonic components. The second
∗Thomson ISI Web of Science database: http://www.isiknowledge.com
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contribution is a study of highly-efficient coupling into uniform photonic crystals. The
results of this study identify inherent advantages of rod-type photonic crystals over the
more common hole-type structures for in-band applications. The third contribution
of this thesis is the demonstration of an efficient and powerful theoretical approach to
studying photonic crystal devices. Throughout this work, we combine general numerical
methods with simple physical models to develop physical insight into the behaviour of
photonic crystal structures. We show that this can lead to novel device geometries with
highly attractive properties.

